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MASS SPECTROMETER 

The present invention relates to mass 
spectrometers . 



In many tandem mass spectrometers ions are 
fragmented in a collision or fragmentation cell. A 
known fragmentation cell comprises a multipole (e.g a 
guadrupole or hexapole, rod set wherein adjacent rids 
are connected to opposite phases of an RF voltage 
supply. Th e quadruple or nexapole collision cell is 
housed in a cylindrical housing which is open at an 
upstream end and at a downstream end to allow ions to 
enter and exit the collision cell. The housing includes 
a gas xnlet port through which a collision or buffer 
gas typically nitrogen or argon, is introduced into the 
coupon cell The collision cell is maintained at a 
pressure of lO^-lO' 2 mbar. 

Ions entering the collision cell are arranged to be 
suffxcxently energetic so that when they collide with 
the collxsxo n or buffer gas at least some of the ions 

coiii' ragm r t nto dau9hter or fragment ions *y — of 

Collxsxonal Induced Dissociation/Decomposition <»CID») 

afTe?rH th V° lliSi0n Cel1 alS ° <™ thermalised 

after they have undergone a few collisions i.e. their 

kinetic energy will be considerably reduced, and this 

leads to greater radial confinement of the ions in the 

presence of the RP electric field. In order to ensure 

that xons are sufficiently energetic so as to fragment 

when entering the collision cell, the collision cell is 

typxcally maintained at a DC potential which is offset 

from that of the ion source by approximately -30V DC or 

more (for positive ions) . Once ions have fragmented and 

have been thermalised within the collision cell, their 

low xxnetic energy is such that they will tend to remain 

wxthxn the collision cell, m practice, ions are 

observed to exit the collision cell after a relatively 

lo ng p eriod of time, and th is is believed to be due to 

th e u irecLy of dxlLusxon and the repulsxve effec t^ 



further ions being admitted into the collision cell. 

Accordingly, one of the problems associated with 
the known collision cell is that ions tend to have a 
relatively long residence time within the collision 
cell. This is problematic for certain types of mass 
spectrometry methods since it is necessary to wait until 
ions have exited the collision cell before further ions 
are admitted into it. For example, in MS/MS (i.e. 
fragmentation) modes of operation if a quadrupole mass 
filter Ql (MSI) upstream of a collision cell Q2 is 
scanned rapidly compared to the typical empty time (- 
30ms) of ions to exit the collision cell Q2 t then the 
peaks in the resulting parent ion scanning mass spectrum 
will suffer from peak tailing towards higher mass and 
thus the resulting mass spectrum will suffer from 
relatively poor resolution. An example of this is shown 

in Fig. 16 (a) . 

Similarly, in Multiple Reaction Monitoring (MRM) 
experiments the upstream quadrupole mass filter Ql (MSI) 
is switched rapidly to cyclically transmit a number of 
parent ions (e.g. PI, P2 . . . Pn) in a multiplexed 
manner, and the long empty times of ions to exit the 
collision cell Q2 may result in cross-talk between the 
various channels. 

Long empty times of ions to exit the collision cell 
Q2 is also problematic when the mass spectrometer is 
being used in on-line chromatography applications since 
each peak only elutes over a short period of time and 
the mass spectrometer will have to acquire data very 
rapidly if a full parent (precursor) ion spectrum is 
desired. 

It is therefore desired to provide an improved 
collision or fragmentation cell for use in a mass 
spectrometer which does not suffer from some or all of 
the problems discussed above. 

According to a first aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a fragmentation cell in which ions are 
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fragmented in use. the fragmentation ceii comprising a 
plurality of electrodes having apertures through whLh 

RP voltage supply and wherein an axial DC voltage 

" fl!« " di " erence is -intained in use along at 
least a portion of the length of the fragmentation cell 
The preferred collision or fragmentation cell 
10 tha t !"! " C ° nTCn "°- 1 -Itipole collision cell in 
elect d ° f C ° mpri3i ^ ~ six elongated rod 

electrodes, the fragmentation cell comprises a number 

electrooIsT ^ " 100) " rln9 ' """^ ° r plat * 
electrodes hav lng apertures, preferably circular, 

15 ^T:^c Whi r f h i0nS ^ Furthermore, an 

axral DC voltage gradient is preferably maintained 
across at least a portion of the length of the 

fraar n t\ ti0n «*• "hole length of the 

fragmentation cell. 

20 emho J hG f ragmentation cel l according to the preferred 
w T h 13 ° f ^ en * tied °* and fill ed 

cell 10 : S mUCh faStSr than * conventional collision 
cell. Mass spectra obtained using the preferred 
fragmentation cell exhibit improved resolution and 
greater sensitivity. 

25 ,n . n Th<i £ragmanCati ° n may comprise 10-20, 20-30 

110. 110-120, 120-130, 130-140. 140-150, or >1S0 
T^TT, ThS fra3me « a "- -H «y have a length < 
30 1^30 : T ^°" 15 15 " 2 ° 2 °- 25 25 " 3 ° 

so* LT , n T UMy - at leasc 10% - 2o *- 3 °*- «»%. 

co™ T: ■ ' ° r 9 " ° f the electrodes are 

connected to both a DC and an AC or RF voltage supply 
Accordrng to a one embodiment, an axial DC voltage 

35 1 ?r,° f aPPrMimaCely 3V -y b. maintained along 
35 the whole length of the fragmentation cell (i e for 

positive ions, electrodes at the downstream end of the 
fragmentation cell are mai ntained at a DC voltage 
■Wlo.lmateiy TV below electrodes at tne upstream end of 



the fragmentation cell) . In other embodiments the axial 
DC voltage difference maintained along at least a 
portion, preferably the whole length, of the 
fragmentation cell is 0.1-0.5 V, 0.5-1.0 V, 1.0-1.5 V, 
1.5-2.0 V, 2.0-2.5 V, 2.5-3.0 V, 3.0-3.5 V, 3.5-4.0 V, 
4.0-4.5 V, 4.5-5.0 V, 5.0-5.5 V, 5.5-6.0 V, 6.0-6.5 V, 
6.5-7.0 V, 7.0-7.5 V, 7.5-8.0 V, 8.0-8.5 V, 8.5-9.0 V, 
9.0-9.5 V, 9.5-10.0 V or > 10V. 

In terms of V/cm, the axial DC voltage gradient 
maintained along at least a portion of the fragmentation 
cell, and preferably along the whole length of the 
collision cell, may be 0.01-0.05 V/cm, 0.05-0.10 V/cm, 
0.10-0.15 V/cm, 0.15-0.20 V/cm, 0.20-0.25 V/cm, 0.25- 
0.30 V/cm, 0.30-0.35 V/cm, 0.35-0.40 V/cm, 0.40-0.45 
V/cm, 0.45-0.50 V/cm, 0.50-0.60 V/cm, 0.60-0.70 V/cm, 
0.70-0.80 V/cm, 0.80-0.90 V/cm, 0.90-1.0 V/cm, 1.0-1.5 
V/cm, 1.5-2.0 V/cm, 2.0-2.5 V/cm, 2.5-3.0 V/cm or > 3.0 
V/cm. 

The voltage gradient may be a linear voltage 
gradient, or the voltage gradient may have a stepped or 
curved stepped profile similar to that shown in Fig. 4. 
The term "voltage gradient" should be construed broadly 
to cover embodiments wherein the DC voltage offset of 
electrodes along the length of the fragmentation cell 
relative to the DC potential of the ion source varies at 
different points along the length of the fragmentation 
cell. This term should not, however, be construed to 
include arrangements wherein all the electrodes forming 
the fragmentation cell are maintained at substantially 
the same DC potential. 

According to the preferred embodiment, the 
electrodes forming the fragmentation cell are supplied 
with an AC or RF voltage which can be considered to be 
superimposed upon the DC potential supplied to the 
electrodes. Preferably, adjacent electrodes are 
connected to opposite phases of an AC or RF supply but 
according to other less preferred embodiments adjacent 
electrodes may be connected to different phases of the 
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rring eo the pre£ : rr - jr::r::: A ai : r h r 

voltage supplied to the electrode,, h.. 
S waveform (with a frequency 0 lo o ™ ^ 

«Hz), non-sinusoidal^aveL™s • ,T * 1 ' '= 

m»„ w waveforms including square waves 

™ay be supplied to the electrodes 

the f ACC ° rding C ° a ^ticularly preferred embodiment 
the fragmentation cell ma y CO mpri S e . plural ?~ T^' 

el-tr^' Se9ment - Plurality of 

electro!"' PrSfe ^ ei "~r eight or ten 

j. mm. The thickness of at least ^ n s- «f ^ 

Prefer=hl„ ► , 0 or * °- s "■• 

Preferably, at least 50*, 60%, 70%, 80%, 90 % or 95% of 

aper: u \ e :: r ° h deS h f0rming cell have 

apertures whrch are substantially the same size or area 

: Prefe 1^ ° dSS ^ 3 Pa " icul - -9-«t are 

potest V " SUb — «- -me 00 

Prefera^' ? ' a ° ent electrodes « a segment are 

aTirr^™. with diffe - nt - ~- ~ - 

.ragme'ta^io^elnl'a^e^f '"^ °* 
are contemplated LreL^L 

downstream portior of the f ln 3 

poixion of the fragmentation cell whilst i™ a 

-Y be continually admitted into an upstream po« n T 

L'olUston celT aC ~ lerate - ~*> *<~ 

« n ! t e /! a !! entatl0n 18 P ~ f ~a bly maintained, in 
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1.0 x 10" 2 tnbar, 10" 3 -10" 2 mbar, or 10" 4 -10 _1 mbar. 

The mass spectrometer preferably comprises a 
continuous ion source , further preferably an atmospheric 
pressure ion source, although other ion sources are 
5 contemplated. Electrospray ("ESI"), Atmospheric 

Pressure Chemical Ionisation ("APCI"), Atmospheric 
Pressure Photo Ionisation ("APPI"), Matrix Assisted 
Laser Desorption Ionisation ( "MALDI" ) , non-matrix 
assisted Laser Desorption Ionisation, Inductively 
10 Coupled Plasma (" ICP" ), Electron Impact ("EI") and 

Chemical Ionisation ("CI") ion sources may be provided. 

The fragmentation cell preferably comprises a 
housing having an upstream opening for allowing ions to 
enter the fragmentation cell and a downstream opening 
15 for allowing ions to exit the fragmentation cell. 

According to a second aspect of the present 
invention, there is provided a mass spectrometer 
comprising: an ion source; one or more ion guides; a 
first quadrupole mass filter; a fragmentation cell for 
20 fragmenting ions, the fragmentation cell comprising a 
plurality of electrodes having apertures through which 
ions are transmitted in use, wherein at least some of 
the electrodes are connected to both a DC and an AC or 
RF voltage supply and wherein an axial DC voltage 
25 gradient or difference is maintained in use along at 

least a portion of the length of the fragmentation cell; 
a second quadrupole mass filter; and a detector. 

According to a third aspect of the present 
invention, there is provided a mass spectrometer 
30 comprising: an ion source; one or more ion guides; a 
quadrupole mass filter; a fragmentation cell for 
fragmenting ions, the fragmentation cell comprising a 
plurality of electrodes having apertures through which 
ions are transmitted in use, wherein at least some of 
35 the electrodes are connected to both a DC and an AC or 
RF voltage supply and wherein an axial DC voltage 
gradient or difference is maintained in use along at 
least a portion of the length of the fragmentation cell; 



and a time of f l ight mass ^ 
r.n , . ^ ts ' each segment comprisina a 

■ : y ^:::::r ^ — 

LId nsmitted and wherein an «-i -, 

segment are mainf^n ^, hS electr °des in a 

a i- «*re maintained at substantially #.», 
potential and wherein SCan ^ally the same DC 

- different — « e SUpp lied 

CST* the sane sl2e) - - — — 

According to a fourth aspect of the present 
xnventron. there is provided . ^ spect ^* 
comprising.- a fi rs t mass filter/analyser 7 
fragmentation ceil for fragmenting ions, the 
fragmentation ceil being arrange downstream Qf che 

eieo r^i: and comprising at least 2 o 

.ranl^eV ^ *~ « 

wnerein at least 75% of th^ 
electrodes are connected to both a nr V 

least 75% ,v , maintained in use along at 

sec 4 :* ir^ : e s^tsrr 1 - ce11 - ~ d * 

fragmentation cell. ^ downstream of the 

Preferably, the first mass filter/analyser 

:z:rz: set* t- — * - «- 

filter/Zf =°"P"ses a quadrupole mass 

filter /analyser or a time of flight mass analyser. 

invention t7 " ' "~ t ° f Che ~ 

invention, there is provide o 

^^^—-^^T^ -g or 

^^o4ed^^ 

" UBe into "e fragmentation cell at 



a pressure of 10~ 4 -10 _1 mbar and wherein a DC potential 
gradient or difference is maintained, in use, along the 
length of the fragmentation cell. 

Preferably, the mass spectrometer further comprises 
an ion source and ion optics upstream of the 
fragmentation cell, wherein the ion source and/or the 
ion optics are maintained at potentials such that at 
least some of the ions entering the fragmentation cell 
have, in use, an energy ;> 10 eV for a singly charged ion 
such that they are caused to fragment . 

According to a sixth aspect of the present 
invention, there is provided a mass spectrometer 
comprising: an ion source; a fragmentation cell for 
fragmenting ions, the fragmentation cell comprising at 
least ten plate-like electrodes arranged substantially 
perpendicular to the longitudinal axis of the 
fragmentation cell, each electrode having an aperture 
therein through which ions are transmitted in use, the 
fragmentation cell being supplied in use with a 
collision gas at a pressure s 10 -3 mbar, wherein adjacent 
electrodes are connected to different phases of an AC or 
RF voltage supply and a DC potential gradient ;> 0.01 
V/cm is maintained over at least 20% of the length of 
the fragmentation cell; and ion optics arranged between 
the ion source and the fragmentation cell; wherein in a 
mode of operation the ion source, ion optics and 
fragmentation cell are maintained at potentials such 
that singly charged ions are caused to have an energy * 
10 eV upon entering the fragmentation cell so that at 
least some of the ions fragment into daughter ions. 

According to a seventh aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a collision or fragmentation cell comprising 
at least three segments, each segment comprising at 
least four electrodes having substantially similar sized 
apertures through which ions are transmitted in use; 
wherein in a mode of operation: electrodes in a first 
segment are maintained at substantially the same first 
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or „ voltage su Pply; electrodes in a third segment are 

phases 5 :::: zzTirr suppiied - ith 

pxuviaea a mass spectrometer- 
comprising; a fragmentation ceU ^ ^« 
fragmented in use n, a 

« Plurality of e"«r^!a h ^ COm ^ isi ^ a 

im „ V ° elec trodes having apertures through which 

tlT,tZTS SmittSA in U3e ' Wh « ein « ^ast Le ^ 
suppiT COnnaCted ^ AC ~ RF 

20 also Pre£erably ' at «— °f the electrodes are 

Sal™':* " 3 DC TOlta9e ™ — herein a! 

use : t rr r dient or di »— *• -i— in 

use along at least a portion of the length of the 
fragmentation cell. 

According to a ninth aspect of the present 
25 invention, there is provided a Present 

prising: a frag^ta^™ STaTL. 
*0 oDer a n n n -. wnerem in a mode of 

~ir:r: ^n^ r -» 

from exitir.-, - Potential so as to prevent ions 

irom exiting the fragmentation cell 

According to a tenth aspect of the present 

5 ::r cion - there is p ™^* * — —ltl 

u f s r rr: ion oei1 in which — - 

Pluralitv J T £ "9»entation cell comprising a 

tun tetrodes °^ ing apertures through which 

' 1L use, wherein the empty time 
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taken for ions to exit the fragmentation cell is 
selected from the group comprising: (i) s 0.5 ms; (ii) * 
1.0 ms; (iii) * 5 ms; (iv) s 10 ms; (v) s 20 ms; (vi) 
0.01-0.5 ms; (vii) 0.5-1 ms; (viii) 1-5 ms; (ix) 5-10 
ms; and (x) 10-20 ms. 

According to an eleventh aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a fragmentation cell in which ions are 
fragmented in use, the fragmentation cell comprising a 
plurality of electrodes having apertures through which 
ions are transmitted in use, and wherein in a mode of 
operation trapping DC voltages are supplied to some of 
the electrodes so that ions are confined in two or more 
axial DC potential wells. 

According to a twelfth aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a fragmentation cell in which ions are 
fragmented in use, the fragmentation cell comprising a 
plurality of electrodes having apertures through which 
ions are transmitted in use, and wherein in a mode of 
operation a V-shaped, sinusoidal, curved, stepped or 
linear axial DC potential profile is maintained along at 
least a portion, preferably at least 10%, 20%, 30%, 40%, 
50%, 60%, 70%, 80%, 90%, or 95% of the length of the 
fragmentation cell. 

According to a thirteenth aspect of the present 
invention, there is provided a mass spectrometer 
comprising: a fragmentation cell in which ions are 
fragmented in use, the fragmentation cell comprising a 
plurality of electrodes having apertures through which 
ions are transmitted in use, and wherein in a mode of 
operation an upstream portion of the fragmentation cell 
continues to receive ions into the fragmentation cell 
whilst a downstream portion of the fragmentation cell 
separated from the upstream portion by a potential 
barrier stores and periodically releases ions. 

Preferably, the upstream portion of the 
fragmentation cell has a length which is at least 10%, 
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1122 ; tt ' 50%- 60i - 70% ' 80% - or 901 ° f <*• tot.i 

length of the fragmentation ceU. Preferably, the 
downstream portion of the fragmentation cell has a 

40*. so*. 60 *. 70*. so*, or 90* of the total length of 
the fragmentation cell. Further preferably, the 

thaT^r POr "° n ° f tr ~«ion cell is shorter 
than the upstream portion of the fragmentation cell 

According to a fourteenth aspect of the present 
rnvention. there is provided a mass spectrometer 
comprising: a fragmentation cell in which ions are 

P^raTr* f T* 3aid **»»-"*•"<» «" comprising a 
Pluralrty of electrodes having apertures through which 
rons are transmitted in use. and wherein in a mode of 
operation an AC or RF voltage is applied to at least 

a<_ or RF voltage is varied. 

Preferably, the peak amplitude of the AC or RF 
voltage is increased in time. 

< ,nn Preferably ' l0nS haV±ng 3 mass to ch ^ge ratio 

into ; h ; f 400, < 300 ' < 2o °- < io °- ° r < 50 — i**- 

or r^ vlxt a9mentatiOU CS11 ^ PSak amplitude ° f ^ AC 
or RF voltage ls s 200 Vpp , « 150 Vpp , « 100 Vpp/ or * 60 

Vp p . 

> SOO^^nf " hen l0nS haVln9 3 C ° = ha ^ ~>tio 

> S00, > 600 . > 700, > 800, > 900. or > 1000 are 

lTttVlr int ° £ra3raenta "°" «e pea* amplitude 

! 250 V " " V ° lta9e ^ ^ V - 2 150 V - » "° V.. 

2 250 V^, or * 300 V Pp . p 

According to a fifteenth aspect of the present 
invention, there is provided a method of mass 
spectrometry, comprising: fragmenting ions in a 
fragmentation cell, the fragmentation cell comprising a 
Plurality of electrodes having apertures through which 
xons are transmitted in use, wherein at least some of 

RF e volT tr0deS ^ COnneCted t0 *** a DC and an AC or 
volta 9 e g"PPly and wherei n an axial DC voltage 

a " ai6nt ° r Terence is main tained in use along at 
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least a portion of the length of the fragmentation cell. 

Various embodiments of the present invention will 
now be described, by way of example only, and with 
reference to the accompanying drawings in which: 

Fig. 1(a) shows a preferred ion tunnel 
fragmentation cell, and Fig. 1(b) shows another ion 
tunnel fragmentation cell which is additionally capable 
of confining ions within the fragmentation cell; 

Fig. 2 shows another ion tunnel fragmentation cell 
wherein the DC voltage supply to each ion tunnel segment 
is individually controllable; 

Fig. 3(a) shows a front view of an ion tunnel 
segment, Fig. 3(b) shows a side view of an upper ion 
tunnel section, and Fig. 3(c) shows a plan view of an 
ion tunnel segment; 

Fig. 4 shows an axial DC potential profile as a 
function of distance at a central portion of an ion 
tunnel fragmentation cell; 

Fig. 5 shows a potential energy surface across a 
number of ion tunnel segments at a central portion of an 
ion tunnel fragmentation cell; 

Fig. 6 shows a portion of an axial DC potential 
profile for a fragmentation cell being operated in an 
trapping mode without an accelerating axial DC potential 
gradient being applied along the length of the 
fragmentation cell; 

Fig. 7(a) shows an axial DC potential profile for a 
fragmentation cell operated in a "fill" mode of 
operation, Fig. 7(b) shows a corresponding "closed" mode 
of operation, and Fig. 7(c) shows a corresponding 
"empty" mode of operation; 

Fig. 8 shows the effect of various applied axial DC 
voltage gradients on the intensity of daughter ions 
observed in a parent ion scan; 

Fig. 9 shows the effect of acquisition time on 
signal intensity; 

Fig. 10 shows how the transmission of ions varies 
as a function of mass to charge ratio and the amplitude 
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of the rp voltacre in ^ u 

fragmentation oil, " ° f Collis -n gas in the 

Fl 9- 11 shows how thf> 

- a function of n^J to !h ° f i0nS Varis * 
» °f the RF vo ltage ™ t h ° T r9e rati ° an d the ampl itude 

fragmentation — P«sen t i„ the 
-e« t e d in . non . f ~" being 

^'^It^t '—-on of ions 
» Action of appli ed «£j^f t " ™*~ " • 

amplitude o, the RP TOlt ' ^^ 9e «- the 

corresponding transnassiTcha^ct^ V " *' " *~ 
having mass to char™. ! characteristics for ions 

respectively' ^ ° f S ° 9 ' 1081 — 2034 

p ig. 13 shows how the 

having a mass to *~ 
fragmentation of parent io„= k ■ (result ing from the 

ratio of 2872, varies as H * 3 maSS " char 9 e 

the HP vo ltage when TC ~ ° f ^ — <* 

3V are applied; lt39e ^dients of ov and 

fragJntati 1 !^ vaTieT "~ °* ^ '—el 

voltage gradient; " functi °" of ap P l ied DC 

Fi 9- 15 shows a neutral l 

«u; and „ af ;:^:rr a ::r comsi ° n 

preferred embodiment; according to the 

Pig. 16 shows a nar^nh ^ 
metabolite formed durf^ SPeCtra ° f s "lPhone 

Habeprazole foT <Tl ! ^^"a 1 incubation of 

«-.«,, a-frtrn^trr'ac^T" Mlli8i °" 
preferred embodiment; and scorning to the 

-^.t^si ion ch — ^ °f 

of *abepra 2 ole for a dU " n9 ^"—l incubation 

collision cell; and * * p-ntional hexapole 

t " r h, prefgrra, eJuL„ ent fra9n,entatl0n Ce " acc ~°i" -3 
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A preferred ion tunnel collision or fragmentation 
cell will now be described in relation to Figs. 1 and 2. 
The ion tunnel fragmentation cell 1 comprises a 
reasonably gas tight housing having a relatively small 
entrance aperture 2 and a relatively small exit aperture 
3 The entrance and exit apertures 2,3 are preferably 
2 2 mm diameter substantially circular apertures. The 
plates forming the entrance and/or exit apertures 2,3 
may be connected to independent programmable DC voltage 

supplies (not shown) . 

Between the plate forming the entrance aperture 2 
and the plate forming the exit aperture 3 are arranged a 
number of electrically isolated ion tunnel segments 
4a ,4b,4c. in one embodiment fifteen segments 4a,4b,4c 
are provided. Each ion tunnel segment 4a;4b;4c 
comprises two interleaved and electrically isolated 
sections i.e. an upper and lower section. The ion 
tunnel segment 4a closest to the entrance aperture 2 
preferably comprises ten electrodes (with five 
electrodes in each section) and the remaining ion tunnel 
segments 4b, 4c preferably each comprise eight electrodes 
(with four electrodes in each section) . All the 
electrodes are preferably substantially similar in that 
they have a central substantially circular aperture 
(preferably 5 mm in diameter) through which ions are 
transmitted. The entrance and exit apertures 2,3 are 
preferably smaller (e.g. 2.2 mm in diameter) than the 
apertures in the electrodes, and this helps to reduce 
the amount of collision gas leaking out of the 
fragmentation cell 1 into the vacuum chamber containing 
the fragmentation cell 1 which is preferably maintained 
at a lower pressure e.g. 10" 4 mbar or less. 

All the ion tunnel segments 4a, 4b, 4c are preferably 
connected to the same AC or RF voltage supply, but 
different segments 4a;4b;4c may be provided with 
different DC voltages. The two sections forming an ion 
tunnel segment 4a;4b;4c are connected to different, 
preferably opposite, phases of the AC or RF voltage 
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substantial^ \k Preferabl V maintained at 
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iocated and fixed ll Z ZLZ^l SeCti °" S ~* 
dowel and a screw Th. * ^ ° f a 

the electric!, " 3lS ° USed to P r ° v ide 

The peek s —"on to the ion tunnel section 

£ "rLLTs r t t e S ei are i hal<5 ^ ^ COrrSCt by 
using s^s an" loc P t r S " PEEK su ^°"s 

PlatL arni^Lilr, ° rreCCly USlnS d ° WelS ' Tha - 
applied ^ them " 3 ^ ^ ^ * ^* 

Collision gas is supplied to tv^ * 
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^ragmcxiL^L l Li. 7. Pre ssure in the 
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The electrical connections shown in Fig. 1(a) are 
such that a substantially regular stepped axial 
accelerating DC electric field is provided along the 
length of the fragmentation cell 1 using two 
programmable DC power supplies DC1 and DC2 and a 
resistor potential divider network of 1 HQ resistors. 
An AC or RF voltage supply provides phase (RF+) and 
anti-phase (RF-) voltages at a frequency of preferably 
1.75 MHz and is coupled to the ion tunnel sections 
4a,4b,4c via capacitors which are preferably identical 
in value (lOOpF) . According to other embodiments the 
frequency may be in the range of 0.1-3.0 MHz. Four 10 
jxH inductors are provided in the DC supply rails to 
reduce any RF feedback onto the DC supplies . A regular 
stepped axial DC voltage gradient is provided if all the 
resistors are of the same value. Similarly, the same AC 
or RF voltage is supplied to all the electrodes if all 
the capacitors are the same value. Fig. 4 shows how, xn 
one embodiment, the axial DC potential varies across a 
10 cm central portion of the ion tunnel fragmentation 
cell 1. The inter-segment voltage step in this 
particular embodiment is -IV. However, according to 
more preferred embodiments lower voltage steps of e.g. 
approximately -0.2V may be used. Fig. 5 shows a 
potential energy surface across several ion tunnel 
segments 4b at a central portion of the ion tunnel 
fragmentation cell 1. As can be seen, the potential 
energy profile is such that ions will cascade from one 
ion tunnel segment to the next. 

Fig. Kb) shows another embodiment wherein the ion 
tunnel fragmentation cell 1 also traps, accumulates or 
otherwise confines ions within the fragmentation cell 1. 
in this embodiment, the DC voltage applied to the final 
ion tunnel segment 4c (i.e. that closest and adjacent to 
the exit aperture 3) is independently controllable and 
can in one mode of operation be maintained at a 
relatively high DC blocking or trapping potential (DC3) 
which is more positive for positively charged ions (and 
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vice versa for negatively charged ions) than the 

4a. 4b may alternatives J£r addL ^ 
maintained at a relatiL k " y 
When the fln.1 Y 9h Cra PP in 9 Potential. 

When the final ion tunnel segment 4c is being used to 

voltage"" ~» - - AC or L 

tunneTseZnT 17 * * »~* 

entrant * J— - 

independent!, o-^U^^^Tr^ „ 
voltage ,s supplied to these plates. Embodiments a« 
also contemplated wherein a relatively high Z tranoT 
potential may be applied to the plates fo™ trappin 9 
and/or exit aperture 2 ,3 in addition to ^ste^T: 
trap^ng potential being suppaie<i to one 0 ™ r l io n * 

seglnt 4T ntS SUCh ^ "= *- t-Jl 

the frLTentV 0 rele3Se ^ £r ° m Con -Ithta 
appl^T the DC Potential 

the nTV 8 " nal tUnnSl SE 9™ ent 4C or to 

"e plate forming the exit aperture 3 is prefer^ 

= arily dropped or varied. preferably^! ^ 

manner, in one embodiment the nr 

to approximately the same DC vo T»2 " s L"b 

to neighbouring i n „ - , voltage as xa being applied 

ghbourmg lon tunnel segment (s) 4b. Embodiments 
are also contemplated wherein ^ , fc ntS 
below that of k! hSrein the v °ltage may be dropped 

to hi f ^toouring ion tunnel segment (s) so «T 

to help accelerate ions out of i-h« e 

In *n^v^ i of the fragmentation cell 1 

£ aooli I e r° dl ° ,ent 3 V " Shaped "*PP-3 Potential may' 
be appUed „ hl ch is then changed to a linear profile 

accelerated out of the fragmentation cell i The 

Ilso^ s° n t? Pl " e f0rmin9 the ape «— 3 can 

also be set to a DC potential such as to cause ions 

be accelerated out of the fragmentation ettTt 
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wherein no axial DC voltage difference or gradient is 
applied or maintained along the length of the 
fragmentation cell 1. Fig. 6, for example, shows how 
the DC potential may vary along a portion of the length 
of the fragmentation cell 1 when no axial DC field is 
applied *ind the fragmentation cell 1 is acting in a 
trapping or accumulation mode. In this figure, 0 mm 
corresponds to the midpoint of the gap between the 
fourteenth 4b and fifteenth (and final) 4c ion tunnel 
segments. In this particular example, the blocking 
potential was set to +5V (for positive ions) and was 
applied to the last (fifteenth) ion tunnel segment 4c 
only. The preceding fourteen ion tunnel segments 4a, 4b 
had a potential of -IV applied thereto. The plate 
forming the entrance aperture 2 was maintained at OV DC 
and the plate forming the exit aperture 3 was maintained 
at -IV. 

More complex modes of operation are contemplated 
wherein two or more trapping potentials may be used to 
isolate one or more section (s) of the ion tunnel 
fragmentation cell 1. For example, Fig. 7(a) shows a 
portion of the axial DC potential profile for a 
fragmentation cell 1 according to one embodiment 
operated in a "fill" mode of operation, Fig. 7(b) shows 
a corresponding "closed" mode of operation, and Fig. 
7(c) shows a corresponding "empty" mode of operation. 
By sequencing the potentials, the fragmentation cell 1 
may be opened, closed and then emptied in a short 
defined pulse. In the example shown in the figures, 0 
mm corresponds to the midpoint of the gap between the 
tenth and eleventh ion tunnel segments 4b. The first 
nine segments 4a, 4b are held at -IV, the tenth and 
fifteenth segments 4b act as potential barriers and ions 
are trapped within the eleventh, twelfth, thirteenth and 
fourteenth segments 4b. The trap segments are held at a 
higher DC potential (+5V) than the other segments 4b. 
When closed the potential barriers are held at +5V and 
when open they are held at -IV or -5V. This arrangement 



- 19 - 



allows ions to be continuously accumulated and stored 
even during the period when some ions are being released 
for subsequent MS s analysis, since ions are free to 
continually enter the first nine segments 4a.4b. A 
relatively long upstream length of the fragmentation 

Til T ! U36d traPPin9 3nd St ° rin 9 iona •»» « 
relatively short downstream length may be used to hold 

and then release ions. By using a relatively short 
downstream length, the pulse width of the packet of ions 
released from the fragmentation cell 1 may be 
constrained. m other embodiments multiple isolated 
storage regions may be provided. 

axial A ^° rd 1 ln3 t0 3 P 3 " 1 ^ 1 "^ Preferred eml>odiment. 
axial DC voltage gradients may additionally be applied 
along at least a portion of the fragmentation cell l so 

ef to?" SPSed ° f the d -ice. Pig. 8 shows the 
effect of apply lng various axial Dc voltage differenoes 

celH If 3 r 9 Wh ° le len9th ° f thS Mentation 
cell l when performing parent ion scans of reserpine 

An upstream guadrupole mass filter Ql «81) was scanned 
from 6 00 to S20 amu in a time of 20 ms with an inte" 
scan delay Clsr,., o£ 10 „ (<Juring which ^ ^ 

voltage applied to the fragmentation cell l was 
momentarily pulsed to zero for 5 ms so as to empty the 
fragmentation cell l, and after which the fragmentation 
cell l was allowed to recover for a further 5 ms) . The 
fragmentation cell l was set to operate in a 
fragmentation mode with the fragmentation cell l being 
held at approx. 35V DC below the DC potential at which 
the ion source is held so that ions are sufficiently 
energetic when entering the fragmentation cell l that 
they fragment when they collide with collision gas in 
the fragmentation cell l. A downstream guadrupole mass 
filter Q3 mm, „a s set so as to transmit only daughter 
ions having a mass to charge ratio of l 9S . The sample 
used was 50 pgAa reserpine (having a mass to charge 
ratio of 609) inf U3edat Results are shown 
for a p plied axtal u. Uo it a ge differences of ov, 3V 5V 
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and 10V across the length of the whole fragmentation 
cell 1. The ordinate axis indicates the intensity of 
daughter ions (having a mass to charge ratio equal to 
195) which were observed. As can be seen, when no axial 
5 DC voltage difference was maintained hardly any daughter 
ions were observed exiting the fragmentation cell 1 
during the timescale of the scan (20 ms) . The daughter 
ions are still produced in the fragmentation cell 1, but 
once thermal ised they will have relatively low axial 
10 velocities and the absence of any axial DC voltage 

difference means that the daughter ions will tend not to 
exit the fragmentation cell 1 during the 20 ms that the 
upstream quadrupole mass filter Ql (MSI) is being 
scanned. The greatest intensity of daughter ions was 
15 observed when an axial DC voltage difference of 3V was 
maintained along the whole length of the fragmentation 
cell 1. For reasons which are not fully understood, 
when higher axial DC voltage differences of 5V and 10V 
were maintained, the resulting intensity of daughter 
20 ions exiting the fragmentation cell 1 was observed to 
drop. This may possibly be due to ions becoming 
defocussed when higher axial DC voltage differences were 
maintained across the fragmentation cell 1 with the 
result that some ions, when exiting the fragmentation 
25 cell 1, may impinge upon the plate forming the 

relatively small (2.2 mm) exit aperture 2 and hence be 
lost . 

With conventional multipole collision cells there 
exists a problem of cross talk in that subsequent 

3 0 acquisitions may contain ions from a previous 

acquisition. In order to reduce this cross talk it is 
known to pulse the RF voltage applied to the collision 
cell to zero for 5 ms in order to clear the collision 
cell of ions. Thereafter, the collision cell is left 

35 for - 30 ms enabling the collision cell to recover, fill 
up with ions and equilibrate before acquiring the next 
data point. 

In order to maintain a reasonable duty cycle at 
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short acquisition (scan or dwell) times, the recovery 
tame perxod must also be correspondingly short. 
However, if the time period allowed for ^ ^ 

short (x.e. < 30 ms) then the conventional collision 
cell does not have enough time to refill with ions with 
the result that a decrease in signal intensity is 
observed. 

Fig. 9 shows the effect of shortening the dwell 
txme when using the preferred ion tunnel collision cell 
1 on the intensity of ions observed with io xxl loop 
xrrjectxons of reserpine into 200 M l/min 50% Aqu. MeCN 
The interscan delay was set to 10 ms in all cases. The 
upstream quadrupole Qi (MSI) was set to transmit ions 
havxng a mass to charge ratio of 609 and the downstream 
quadrupole Q3 (MS2) was fixed to transmit ions having a 
mass to charge ratio of 195. The fragmentation cell 1 
was set to operate in a fragmentation mode (i.e. the 
fragmentation cell i was maintained at a DC bias of 35V 
relatxve to the ion source) . An axial DC voltage 
dxf ference of 3V was maintained along the length of the 
fragmentation cell i. Du ring the interscan delay ^ 
voltage was pulsed to zero for 5 ms and then the 
fragmentation cell 1 was left to recover for 5 ms. The 
figure shows that for acquisition (dwell) times of 1000 
ms down to io ms there is negligible effect on the 
observed intensity. 

The fragmentation cell 1 according to the preferred 

embodxment equi libra ts»<5 uH*-k-;„ 

siu-LJ-iorates wxthxn approx. 3 ms and so has 

no problem operating at inter-scan delays of io ms 

unlxke conventional collision cells without axial 

voltage gradients which can require an inter-scan delay 

of up to approx. 35 ms for maximum sensitivity. 

Pig. 10 shows data relating to the fragmentation 

cell i being operated in a non- fragmenting mode without 

any collxsion gas being present in the fragmentation 

cell 1. The DC bias was equal throughout the 

fragmentation cell 1 an d was set to 3V i.e. no axial DC 

vulLaye yradx exxL was maxntai xxe d. As can be seen, for 
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ions of relatively low mass to charge ratio (e.g. 81 and 
117) the amplitude of the RF voltage supply should be 
relatively low in order for these ions to be efficiently 
transmitted, whereas for ions of higher mass to charge 
ratio (e.g. 1081, 1544 and 2034) the amplitude of the RF 
voltage supply should be relatively high in order for 
those ions to be efficiently transmitted. 

A somewhat similar effect is observed when the 
fragmentation cell 1 is operated still in a non- 
fragmentation mode but with collision gas present as can 
be seen from Fig. 11. The gas pressure was 3 x 10 -3 mbar 
and the DC bias was 0.5 V and equal throughout the 
fragmentation cell i.e. no axial DC voltage gradient was 
maintained. However, whereas when no collision gas was 
present a transmission of approx. 20-30% was observed at 
low RF amplitudes for relatively high mass to charge 
ratio ions, when collision gas is present the 
transmission of relatively high mass to charge ratio 
ions drops to zero. It is generally observed that in 
order to observe comparable transmission higher RF 
voltage amplitudes are required when operating the 
fragmentation cell 1 with collision gas present compared 
to when operating the fragmentation cell 1 without 
collision gas present. 

The effect of maintaining various DC voltage 
gradients across the fragmentation cell 1 on the 
transmission of ions having various mass to charge 
ratios is shown in more detail in Fig. 12. The pressure 
in the fragmentation cell 1 was 3 x 10" 3 mbar. The ion 
tunnel segment closest the entrance aperture 2 was 
maintained at 0.5 V. The downstream quadrupole Q3 (MS2) 
was operated in a RF only (i.e. ion-guiding) mode. Fig. 
12(a) shows the transmission characteristics for ions 
having a mass to charge ratio of 117, Fig. 12(b) for 
ions having a mass to charge ratio of 609, Fig. 12(c) 
for ions having a mass to charge ratio of 1081, and Fig. 
12(d) for ions having a mass to charge ratio of 2034. 
The transmission characteristics show that in order to 
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preferred fragmentation cell 1 to empty as a function 
axial DC voltage gradient is shown in Fig. 14. The 
em pty time is reduced from about 150 ms with no applied 
DC voltage difference to about 400 MS for a DC voltage 
5 difference of 10V across the whole f ragmentatxon cell 1 . 
' The pressure in the fragmentation cell was 3 x 10 *«• 
A conventional hexapole fragmentation cell typically has 
a 30 ms empty time. It will therefore be appreciated 
that by applying an axial DC voltage gradient to^an ron 
10 tunnel fragmentation cell 1 shorter exit times can be 
obtained compared with those inherent with using a 
conventional multipole collision cell. 

Fig. 15 compares neutral loss spectra obtained 
using a hexapole fragmentation cell (see Fig. 15(a)) 
IS with a fragmentation cell 1 according to the P^~* d 

Impediment (see Fig . 15 «b» » . The sample «as S« 
metabolite formed by human liver microsomal incubation 
of Rabeprazole for 60 minutes. As is 

sensitivity has improved by a factor of ""^ 
20 X10 when using the fragmentation cell 1 according to the 
preferred embodiment. n .„ 

Fig. 16 compares parent ion spectra obtained using 
a conventional hexapole fragmentation cell (see Fig. 
1S( ,» and a fragmentation cell 1 according to the 
25 preferred embodiment (see Fig. 16(b)) . The sample was a 
Llphone metabolite formed by human liver microsomal 
incubation of Rabeprazole. The sensitivity has 
increased by a factor xlO and also the resolution has 
greatly improved from over 25 amu to unit base 
30 resolution. The ion tunnel fragmentation cell 1 

according to the preferred embodiment therefore enables 
rao re sensitive and higher resolution mass spectra to be 

obtained. n 

Advantageously, due to the increased resolution 
35 obtained using the fragmentation cell 1 according to the 
preferred embodiment, extracted ion chromatograms can be 
. obtained which are substantially free of misleading 
interference peaks. This significantly aids the 
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Claims 



1 A mass spectrometer comprising: 

a fragmentation cell in which ions are fragmented 
in use, said fragmentation cell comprising a plurality 
of electrodes having apertures through which ions are 
transmitted in use, wherein at least some of said 
electrodes are connected to both a DC and an AC or RF 
voltage supply and wherein an axial DC voltage gradient 
is maintained in use along at least a portion of the 
length of said fragmentation cell. 

2. A mass spectrometer as claimed in claim 1, wherein 
said fragmentation cell comprises a plurality of 
segments, each segment comprising a plurality of 
electrodes having apertures through which ions are 
transmitted and wherein all the electrodes in a segment 
are maintained at substantially the same DC potential 
and wherein adjacent electrodes in a segment are 
supplied with different phases of an AC or RF voltage. 

3 A mass spectrometer as claimed in claim 1 or 2, 
wherein ions are arranged to be trapped within said 
fragmentation cell in a mode of operation. 

4 A mass spectrometer as claimed in claims 1, 2 or 3, 
wherein said fragmentation cell consists of: (i) 10-20 
electrodes; (ii) 20-30 electrodes; (iii) 30-40 
electrodes; (iv) 40-50 electrodes; (v) 50-60 electrodes; 
(vi) 60-70 electrodes; (vii) 70-80 electrodes; (vxxx) 
80-90 electrodes; (ix) 90-100 electrodes; (x) 100-110 
electrodes; (xi) 110-120 electrodes; (xii) 120-130 
electrodes; (xiii) 130-140 electrodes; (xiv) 140-150 
electrodes; and (xv) > 150 electrodes. 
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A mass spectrometer as claimed in any preceding 

SoTo 1 ; di3meter ° f of at least 

50% of the electrodes forming said fragmentation cell i s 
selected from the group consisting of: (i, , 10 mm; 
9 mm; (xxi) s 8 ^ (iv) s 7 nun; (v) s e ^ 

mm; (vxi) , 4 mm ; (viii) « 3 mm; (ix) « 2 mm; and (x) * 
± nun . 



6. A mass spectrometer as claimed in any preceding 

claxm, wherein said fragmentation cell is maintained, in 

use, at a pressure selected from the group consisting 

of: (x) > i.o x 10- mbar; (ii) > 5 . 0 x 10 -> mbar; {± 

1.0 x 10- mbar; ( iv ) lo^-io- mbar; and (v) 1Q--1Q- 
mbar . 

7. A mass spectrometer as claimed in any preceding 
claxm, wherein at least 50%, 60%, 70%, 80%, 90% or 95% 
of the electrodes forming the fragmentation cell have 
apertures which are substantially the same size or area 



8. 



A mass spectrometer as claimed in any preceding 
claxm, wherein the thickness of at least 50% of the 
electrodes forming said fragmentation cell is selected 
from the group consisting of: (i) , 3 mm; (ii, * 2 . 5 „, 
Uxx) * 2.0 mm; (iv, s i.s mm; (v, , i.o mm; and (vi) * 
0 - 5 nun. 



9. A mass spectrometer as claimed in any preceding 
claxm, further comprising an ion source selected from 
the group consisting of : (i, Electrospray ( "ESI" , ion 
source; (ii) Atmospheric Pressure Chemical lonisation 
("APCI", ion source; (iii, Atmospheric Pressure Photo 
lonisation ("APPI-, ion source; (iv, Matrix Assisted 
Laser Desorption lonisation ( "MALDI" , ion source,- (v, 
Laser Desorption lonisation ion source; (vi) Inductively 
Coupled Plasma (" IC P"> ion source; (vii) Electron Impact 
( EI) xon source; and (viii) Chemical lonisation ion 
oouree . 
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10. A mass spectrometer as claimed in any preceding 
claim, wherein at least 10%, 20%, 30%, 40%, 50%, 60%, 
70%, 80%, 90%, or 95% of said electrodes are connected 
to both a DC and an AC or RF voltage supply. 

11. A mass spectrometer as claimed in any preceding 
claim, wherein said fragmentation cell comprising a 
housing having an upstream opening for allowing ions to 
enter said fragmentation cell and a downstream opening 
for allowing ions to exit said fragmentation cell. 

12. A mass spectrometer as claimed in any preceding 
claim, wherein said fragmentation cell has a length 
selected from the group consisting of: (i) < 5 cm; (ii) 
5-10 cm; (iii) 10-15 cm; (iv) 15-20 cm; (v) 20-25 cm; 
(vi) 25-30 cm; and (vii) > 30 cm. 

13. A mass spectrometer as claimed in any preceding 
claim, wherein the axial DC voltage difference 
maintained along a portion of said fragmentation cell is 
selected from the group consisting of: (i) 0.1-0.5 V; 
(ii) 0.5-1.0 V; (iii) 1.0-1.5 V; (iv) 1.5-2.0 V; (v) 
2.0-2.5 V; (vi) 2.5-3.0 V; (vii) 3.0-3.5 V; (viii) 3.5- 
4.0 V; (ix) 4.0-4.5 V; (x) 4.5-5.0 V; (xi) 5.0-5.5 V; 
(Xii) 5.5-6.0 V; (xiii) 6.0-6.5 V; (xiv) 6.5-7.0 V; (xv) 
7.0-7.5 V; (xvi) 7.5-8.0 V; (xvii) 8.0-8.5 V; (xviii) 
8.5-9.0 V; (xix) 9.0-9.5 V; (xx) 9.5-10.0 V; and (xxi) > 
10V. 

14. A mass spectrometer as claimed in any preceding 
claim, wherein an axial DC voltage gradient is 
maintained along at least a portion of said 
fragmentation cell selected from the group consisting 
of: (i) 0.01-0.05 V/cm; (ii) 0.05-0.10 V/cm; (iii) 0.10- 
0.15 V/cm; (iv) 0.15-0.20 V/cm; (v) 0.20-0.25 V/cm; (vi) 
0.25-0.30 V/cm; (vii) 0.30-0.35 V/cm; (viii) 0.35-0.40 
V/cm; (ix) 0.40-0.45 V/cm; (x) 0.45-0.50 V/cm; (xi) 
0.50-0.60 V/cm; (xii) 0.60-0.70 V/cm; (xiii) 0.70-0.80 
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15 



25 



30 



35 



V/cm; (xiv) 0.80-0 9f> V/™. / v 

1 0-1 5 v/cm i f ' ' °- 90 - 1 - 0 V /^'- <xvi) 

15. a mass spectrometer comprising: 
an ion source; 
one or more ion guides, 
a first quadrupole mass filter, 

fraom! *" 9menta " 0n oel l «« fragmenting ions, said 
fragmentation cell oomprising a plurality of electrode, 
havmg apertures through which ions are translttTS 
use, wherein at least some of said electrodes are 

rr:r both * ° c - ~ « - ».t* ^ y 
^issii^r a portion of the ien9th - — 

a second quadrupole mass filter; and 
a detector. 



20 16. 



A mass spectrometer comprising.- 
an ion source ; 
one or more ion guides; 
a quadrupole mass filter; 

fraaJnf^ entati ° n for f -Anting ions, said 

fragmentation cell comprising a plurality of electrodes 

: ~ * ^ ions are transmitted in 

use, wherexn at least some of said electrodes are 
connected to hoth a DC and an AC or RF voltage suppi y 

TZTlZ:\T al DC voltage gradient is - in -^ y d 

in use along at least a portion of the length of said 
fragmentation cell; and 

a time of flight mass analyser. 

17- A mass spectrometer as claimed in claim 15 or 16 
wherexn said fragmentation cell comprises a pluralit v 'f 
segments, each segment comprising a plurality of ^ 

l!!!Z!: S n haV ' ngaPertUreS thr ° Ugh " h±Ch are 

^ W he — ™ S electrodes in a segment 



10 



- 30 - 

are maintained at substantially the same DC potential 
and wherein adjacent electrodes are supplied with 
different phases of an AC or RF voltage. 

18. A mass spectrometer as claimed in any of claims 15, 
16 or 17, wherein said one or more ion guides comprise 
one or more AC or RF only ion tunnel ion guides. 

19. A mass spectrometer as claimed in any of claims 15, 
16 or 17, wherein said one or more ion guides comprise 
one or more hexapole ion guides. 



20. A mass spectrometer comprising: 
a first mass filter /analyser ; 
15 a fragmentation cell for fragmenting ions, said 

fragmentation cell being arranged downstream of said 
first mass filter/analyser and comprising at least 20 
electrodes having apertures through which ions are 
transmitted in use, wherein at least 75% of said 
20 electrodes are connected to both a DC and an AC or RF 
voltage supply and wherein a non-zero axial DC voltage 
gradient is maintained in use along at least 75% of the 
length of said fragmentation cell; and 

a second mass filter/ analyser arranged downstream 
25 of said fragmentation cell. 

21 A mass spectrometer as claimed in claim 20, wherein 
said first mass filter/analyser comprises a quadruople 
mass filter/analyser and said second mass filter 
30 comprises a quadrupole mass filter/analyser or a time of 
flight mass analyser. 

22. A mass spectrometer comprising: 

a fragmentation cell comprising * 10 ring or plate 
35 electrodes having substantially similar internal 

apertures between 2-10 mm in diameter arranged in a 
housing having a collision gas inlet port, wherein a 
collision gas is introduced in use into said ^ 
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srrsTpSis; pr r re of io "'- io ~' — - 

23 . A mass spectrometer as claimed in claim 2? * 
comprising an ion source and ion ™- further 
fragmentation cell wher ! ? ° S U *> Stream of said 

ion optics are ! , ^ S ° UrCe and /° r "id 

optxcs are maxntaxned at potentials such that at 

::; r: S e of tjt s entering said ~- 

such that t^H-e d L 0 ^ « ~~ *~ 



24 . 



A mass spectrometer comprising: 
an ion source; 



ib a fragmentation cell for f«™, Q „* • 

, r ^ ntation cell compris - 

electrode* fragmentation cell, each said 

»• arsis' - rtn r rein through — *~ 

SUDnll . H . USe ' Said fragmentation cell being 

supplied xn use with a <-. rt m«- *~=j.«y 

mbar, wherein L C ° lllSlon at a pressure , 10 -> 

differ^ , electrodes are connected to 

axf f erent phases of an AC or rp v „i - 

potential gradient * o 01 v/ ^7°^^ - DC 

25 least 20% of t^J^J'*" over at 

r the length of said fragmentation cell- and 
ion optics arranged between th* 
fragmentation cell; * SOUrCe and the 

optxcf " 3 ° f ° Perati0n thS ion — e, i on 

30 ZllllT fragmentation oell are maintained at 

^e:?: r giy charged ±ons - — - 

cell so that ^t lea 1 ^ f ~^atxon 
daughter i^s "~ °' l0M f *~ into 

J5 25. A mass spectrometer comprising- 

least'thr 111 " 011 " fra9mentati - cell comprising at 

* T ^e segm ents, each segment comprising a/least 

rour eluuLxuUi.i i ha.xug substautxally similar sized ' 
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apertures through which ions are transmitted in use; 
wherein in a mode of operation: 

electrodes in a first segment are maintained at 
substantially the same first DC potential but adjacent 
electrodes are supplied with different phases of an AC 

or RF voltage supply ; 

electrodes in a second segment are maintained at 
substantially the same second DC potential but adjacent 
electrodes are supplied with different phases of an AC 

or RF voltage supply; 

electrodes in a third segment are maintained at 
substantially the same third DC potential but adjacent 
electrodes are supplied with different phases of an AC 

or RF voltage supply; 

wherein said first, second and third DC potentials 

are all different. 

26 A mass spectrometer comprising: 

a fragmentation cell in which ions are fragmented 
in use, said fragmentation cell comprising a plurality 
of electrodes having apertures through which ions are 
transmitted in use, wherein at least some of said 
electrodes are connected to an AC or RF voltage supply. 

27 A mass spectrometer as claimed in claim 26, wherein 
at least some of said electrodes are also connected to a 
DC voltage supply and wherein an axial DC voltage 
gradient is maintained in use along at least a portion 
of the length of said fragmentation cell. 

28. A mass spectrometer comprising: 

a fragmentation cell in which ions are fragmented 
in use, said fragmentation cell comprising a plurality 
of electrodes having apertures through which ions are 
transmitted in use, wherein in a mode of operation at 
least a portion of the fragmentation cell is maintained 
at a DC potential so as to prevent ions from exiting the 
fragmentation cell . 
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A mass spectrometer comprising- 

in use' Tj7ZT° n ±n WhiCh i0nS *~ ^agmented 

of e^ltT entati0n Cel1 C — isin - - Plurality 

tetrodes havmg apertures through which ionc a 
transmitted in use, wherein th. - 6 
through the fr am „ the transit time of ions 

ougn the fragmentation cell is selected fm m 
group comprising., (i) * 0 5 ms ? ° m the 

\ -w s u . ^ nis ; (li < i n / • • . * 

(iv) * io ms . (v) < / X) * 1 -° ms ' * 

•■»-!-, Mil, I-TJ.^V™' <vil» 

ms. (ix) 5-10 ms; and (x) 10-20 ms 

30. A mass spectrometer comprising- 

in us** f irrr ation oen in which ions «• 

of eL;^ ^ 9 " e0tatl0n - Plurality 

transmrt t r in h :r: n9 an T:r res through which ions «• 

31. A mass spectrometer comprising- 

in use', ^rfr^t 0 : 11 *" ^ 1 ~ *~ *«~- 
of eiectroaes T n °* U C °"*> ris ing a plurality 

I electrodes having apertures through which i™= 
transmitted in use, and wherein in T * 

V-shaped, sinusoidal. t 1^°' * 

potential profile is maintained along at l^T ^ 
of said fragmentation cell . 9 ^ 3 P ° rtion 

32. A mass spectrometer comprising- 

in use" 'lUTTrT" *" * 1 * ^ '-gmented 

of =l tt ^l L iM Cel1 C ^ isi "3 - Plurality 

transmit^ L Z^ZT™ WhiCh 4 ~ ™ 

downstream Portio or tne tM1 » a 

«~ the upLeam^rtit hyT^ttl trr^"" 
nn d „uludWly rashes iL. St ° r63 
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33. A mass spectrometer as claimed in claim 32, wherein 
said upstream portion of the fragmentation cell has a 
length which is at least 10%. 20%, 30%, 40%, 50%, 60%, 
70%, 80%, or 90% of the total length of the 
fragmentation cell . 

34 A mass spectrometer as claimed in claim 32 or 33, 
wherein said downstream portion of the fragmentation 
cell has a length which is less than or equal to 10%, 
20%, 30%, 40%, 50%, 60%, 70%, 80%, or 90% of the total 
length of the fragmentation cell. 

35. A mass spectrometer as claimed in claim 32, wherein 
the downstream portion of the fragmentation cell is 
shorter than the upstream portion of the fragmentation 
cell. 

36 A mass spectrometer comprising: 

a fragmentation cell in which ions are fragmented 
in use, said fragmentation cell comprising a plurality 
of electrodes having apertures through which ions are 
transmitted in use, and wherein in a mode of operation 
an AC or RF voltage is applied to at least some of said 
electrodes and the peak amplitude of said AC or RF 
voltage is varied. 

37 A mass spectrometer as claimed in claim 36, wherein 
the peak amplitude of said AC or RF voltage is increased 
in time. 

38. A mass spectrometer as claimed in claim 36 or 37, 
wherein when ions having a mass to charge ratio < 500, < 
400, < 300, < 200, < 100, or < 50 are admitted into said 
fragmentation cell the peak amplitude of said AC or RF 
voltage is £ 200 vp P , £ 150 V„, £ 100 Vpp , or s 60 Vpp . 

39. A mass spectrometer as claimed in claim 36, 37 or 
38, wherein when ions having a mass to charge ratio > 



- 35 - 



into said > 70 °' ' 80 °' > 90 °- - > are ad.it.ea 

AC orZ v llT ei,tatim ^ »-* of said 

AC or RF voltage ls * 100 VfB . * 15 „ T , 200 

v pp, or * 300 V Pp . 

40. A method of mass spectrometry, comprising- 
fraom f " 9 ! ,enCln9 ions in * fragmentation cell, sald 
fragmentation cell comprising a plurality of electrodes 

use, wherein at least some of said electrodes are 
connected to both a DC and an AC or KP voltage supply 

"along ""^ '* ™ lt ~ iS 
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